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SUMMARY 
During t h i s  f i r s t  quar ter ,  t h e  boron d i f f u s i o n  was t h e  p r i n c i p a l  
a rea  of inves t iga t ion .  This  i s  an important phase of t h i s  
con t rac t  s ince  a r e a s  of t h e  l i t h ium c e l l  i nves t iga t ion  a r e  dependent 
upon obta in ing  a  r e l a t i v e l y  s t r e s s  f r e e  boron d i f fus ion ,  which i s  
impossible with t h e  BC1  d i f f u s i o n  t y p i c a l l y  used,  3 
Experiments t o  i n v e s t i g a t e  var ious  m a t e r i a l  parameters were a l s o  
designed. 
The f i r s t  l o t  of l i th ium c e l l s  was f a b r i c a t e d  and de l ivered  t o  
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INTRODUCTION 
The goal  of t h i s  con t rac t  i s  t o  i n v e s t i g a t e  t h e  e f f e c t  of var ious  
process parameters on l i t h ium doped s o l a r  c e l l  performance. This  
program i s  a  cont inuat ion  of work done on JPL con t rac t  952247, 
and it has been organized i n t o  f i v e  a r e a s  of study. The f i v e  b a s i c  
a r e a s  include:  P-N d i f f u s i o n  s tud ies ,  m a t e r i a l  s tud ies ,  l i t h ium 
d i f f u s i o n  s tud ies ,  s p e c i a l  s t r u c t u r e  s t u d i e s  and contac t  
s tud ies .  As much a s  poss ib le ,  t h e s e  a reas  w i l l  be  worked on 
concurrent ly;  however, t h e  P-N d i f f u s i o n  s t u d i e s  w i l l  be done 
during t h e  f i r s t  f o u r  months s ince  c e r t a i n  a spec t s  of t h e  
l i t h ium d i f f u s i o n  and s p e c i a l  s t r u c t u r e  s t u d i e s  w i l l  be dependent 
upon progress made wi th  t h e  P-N d i f fus ion .  
The purpose of t h e  P-N d i f f u s i o n  s t u d i e s  i s  t o  develop a  
boron d i f f u s i o n  which; 1 )  does not  e t ch  s i l i c o n ,  2 )  w i l l  
y i e l d  h igher  e f f i c i e n c y  l i th ium c e l l s  due t o  reduced s t r e s s e s  
and 3)  can be used f o r  l a r g e r  a rea  and t h i n n e r  c e l l s  ( a l s o  
due t o  reduced s t r e s s e s ) .  
A s  p a r t  of t h e  m a t e r i a l  s t u d i e s  parameters such a s  oxygen 
content ,  c r y s t a l  growth r a t e  and blank th ickness  w i l l  be 
inves t iga ted .  
The l i t h ium d i f f u s i o n  s t u d i e s  w i l l  be d i r e c t e d  toward improving 
c e l l  e f f i c i e n c y  and obta in ing  maximum r a d i a t i o n  damage recovery. 
Radiat ion s t u d i e s  conducted under JPL con t rac t  by o the r  
l a b o r a t o r i e s  during t h e  p a s t  year  have shown i n  one l imi t ed  
experiment t h a t  long l i t h ium d i f f u s i o n s  done around 325°C 
r e s u l t  i n  h igher  e f f i c i e n c y  and more r a d i a t i o n  r e s i s t a n t  l i t h ium 
c e l l s .  These d i f f u s i o n  parameters a s  w e l l  a s  t h e  process 
techniques of complete l i t h ium coverage of t h e  back c e l l  
su r face  and l i t h ium evaporat ions were used i n  f a b r i c a t i n g  
t h e  c e l l s  t h a t  showed unusual ly good r a d i a t i o n  recovery, 
so t h e s e  same parameters w i l l  be f u r t h e r  inves t iga ted  i n  t h i s  
program i n  order  t o  determine i f  t h e s e  r e s u l t s  can be reproduced. 
The contac t  s t u d i e s  w i l l  include evalua t ion  of t h e  Ti-Ag con tac t s  
p resen t ly  used a s  we l l  a s  inves t iga t ion  of o the r  contac t  metals  
such as Pd and At,. 
The special structures to be studied will be lithium cells 
with integral covers and a lithium cell with a high concentration 
Nf region at the junction. 
In addition to the experimental studies, 600 lithium doped 
solar cells will be fabricated for radiation testing and analysis 
by JPL. 
2*  0  TECHNICAL DISCUSSION 
2 . 1  BORON DIFFUSION STUDIES 
During t h e  f i r s t  q u a r t e r  of t h i s  con t r ac t  a  boron d i f f u s i o n  
system was i n v e s t i g a t e d  us ing  t h e  l i q u i d  impur i ty  source boron 
t r ibromide .  A schematic of t h e  system i s  i l l u s t r a t e d  i n  
F igure  1. Following t h e  p re l imina ry  d i f f u s i o n s  conducted 
dur ing  t h i s  per iod  l a r g e  v a r i a t i o n s  ex i s t ed  i n  t h e  shee t  
r e s i s t a n c e  measurement f o r  any given d i f fus ion .  Hot p o i n t  
probe checks ind ica t ed  t h e  ex i s t ence  of a s t r a t i f i e d  impur i ty  
flow dur ing  d i f f u s i o n .  Observation of t h e  d i f f u s i o n  process  
i t s e l f  appeared t o  o f f e r  evidence of a  laminar flow cond i t i on  
and a concent ra t ion  g rad ien t  w i t h i n  t h e  flow p a t t e r n .  
A s e r i e s  of d i f f u s i o n s  were performed t o  d e l i n e a t e  t h e  laminar  
f l o w - s t r a t i f i e d  l a y e r  problem i n  t h e  fol lowing manner: 
1. Dif fus ions  were performed a t  t h r e e  temperatures  (900 O C ,  
1055OC, 1 1 2 5 ' ~ )  t o  examine t h e  temperature e f f e c t  on 
t h e  convection of gases  and t h e  formation of concen t r a t ion  
l a y e r s .  
2 A t  each temperature a  ma t r ix  of va r i ab l e s ,  namely 
d i f f u s i o n  time, c e l l  p o s i t i o n  and gas  flow r a t e s  were 
eva lua ted  t o  observe t h e  e f f e c t s  of t h e s e  parameters  on 
c e l l  performance. 
2 . 1 . 1  Temperature Var i a t ion  
I n  t h i s  experiment, two groups of c e l l s  were d i f f u s e d  a t  
each temperature mentioned above; one group was placed ve r -  
t i c a l l y  and one h o r i z o n t a l l y  i n  t h e  d i f f u s i o n  b o a t .  I d e n t i c a l  
d i f f u s i o n  t imes  and gas flow r a t e s  were used i n  each case .  
A t  each temperature a non-uniform g l a s s  l a y e r  r e s u l t e d  and 
e s s e n t i a l l y  no d i f f e r e n c e  was noted between t h e  c e l l s  i n  t h e  
v e r t i c a l  and h o r i z o n t a l  placement. While t h e  h o r i z o n t a l l y  
d i f f u s e d  c e l l  blanks had a l e s s  accentuated n o n u n i f o m i t y  
when measured with t h e  h o t  p o i n t  probe, t h e  presence of an  "N" 
d e f l e c t i o n  was always preva len t .  I n  t h e  groups t h a t  were 






































t h e  l o c a t i o n  of t h e  "N" and "P" d e f l e c t i o n s .  While a s t r o n g  
"P" d e f l e c t i o n  occurred a t  t h e  t o p  of t h e  c e l l ,  t h e  lower 
h a l f  became more s t r o n g l y  "N" e s p e c i a l l y  a t  t h e  c e l l  b l ank  
d i f f u s i o n  boa t  i n t e r f a c e .  Consequently it was concluded t h a t  
t h e r e  was e s s e n t i a l l y  no d i f f e r e n c e  i n  t h e  concent ra t ion  
nonunif ormity as a r e s u l t  of t h e  v a r i a t i o n  i n  tempera tures .  
The s t r a t i f i e d  l aye r ,  t h e r e f o r e ,  does present  a problem i n  
provid ing  even d i s t r i b u t i o n  of t h e  boron impuri ty  i n  t h e  fu rnace  
tube .  
2 .1.2 Var i a t ions  i n  Dif fus ion  Parameter Matrix 
I n  t h i s  s e r i e s  of experiments a n  e n t i r e  fami ly  of gas  f low and 
t ime  v a r i a t i o n s  was performed. 
One s i g n i f i c a n t  cons ide ra t ion  was t h e  e f f e c t  of t h e  t r a n s p o r t  and 
r e a c t a n t  gas  concent ra t ion .  I n  t h i s  system oxygen i s  used t o  
r e a c t  with t h e  l i q u i d  impur i ty  t o  form t h e  l o c a l  source,  
Eq. 1 
and a l s o  r e a c t s  wi th  s i l i c o n  t o  farm i t s  oxide, 
S i  + O2 2 Si02 Eq. 2  
The 0 concent ra t ion  can b e  c r i t i c a l  s i n c e  an  excess  r e a c t i o n  2 
with  s i l i c o n  w i l l  reduce t h e  a v a i l a b i l i t y  of s i l i c o n  t o  r e a c t  
wi th  t h e  l o c a l  impur i ty  oxide t o  form t h e  elementary impur i ty  a t  
t h e  su r f ace ,  
Low oxygen concent ra t ions  i n  Eq. 2 s h i f t s  t o  t h e  l e f t  p rovid ing  
more s i l i c o n  a v a i l a b l e  t o  r e a c t  i n  Eq. 3. The r e v e r s e  of t h i s  ( i . e . ,  
g r e a t e r  0  concent ra t ion)  would l eave  l i t t l e  s i l i c o n  a v a i l a b l e  2 
f o r  t h e  formation of f r e e  boron i n  Eq. 3 and t h i s  provides  a 
l a r g e  concent ra t ion  of B 0 i n  t h e  g l a s s  l a y e r  and l i t t l e  d i f f u s a n t  2  3 
a v a i l a b l e  a t  t h e  sur face .  Since t h e  segrega t ion  c o e f f i c i e n t  f avo r s  
t h e  B 0 remaining i n  t h e  g l a s s  l a y e r  ( x  SiO -y B 0 ), t h e  
2 3 2 2 3 
s o l u t i o n  t o  t h i s  problem l i e s  i n  t h e  r e s o l u t i o n  of t h e  gas  flows 
i n t o  t h e  proper  concent ra t ions ,  
When h igh  N flow r a t e s  were used (1500 cc/min) nonuniformity 2 
i n  t h e  g l a s s  l a y e r  was predominant, A f t e r  g l a s s  l a y e r  removal 
an  i n s o l u b l e  d i s c o l o r a t i o n  remained which could only  be  d isso lved  
i n  a n  e t chan t  t h a t  r eac t ed  wi th  s i l i c o n  i t s e l f .  When d i f f u s i o n s  
were made i n  a reducing atmosphere (i, e ,, us ing  only  N with t h e  2 
impur i ty  l i q u i d )  a n  i n s o l u b l e  gray-black d e p o s i t  r e s u l t e d  on t h e  
chemical ly pol i shed  su r f ace ,  
Using l a r g e r  0  f lows r e s u l t e d  i n  a uniform g l a s s  l a y e r  and i t s  2 
removal l e f t  no d e p o s i t s .  The p o l a r i t y ,  however, ranged from 
"P" t o  "N" a s  p rev ious ly  mentioned. When n i t rogen  was e l imina ted  
e n t i r e l y  dur ing  t h e  d i f f u s i o n s  and low oxygen r a t e s  were used, 
un i fo rmi ty  of t h e  g l a s s  l a y e r  p reva i l ed ,  I n  some of t h e s e  cases  
u s ing  a h o r i z o n t a l  c e l l  b lank  placement, t h e  r e s u l t a n t  p o l a r i t y  
w a s  complete a r d u n i f  orm "P". 
I n  experiments where t h e  d i f f u s i o n  t ime was va r i ed , a  s h o r t  
d i f f u s i o n  of about t e n  minutes o f f e red  t h e  most promising r e s u l t s .  
I n  F i g u r e  2 a r e  I - V  c h a r a c t e r i s t i c s  f o r  c e l l s  d i f f u s e d  by two 
d i f f e r e n t  methods. The upper curve was a  r e s u l t  of t h e  B C ~  3 
d i f f u s i o n  i n  a reducing atmosphere us ing  c e l l s  wi th  a mechanically 
lapped su r f ace .  The lower curve i s  from a BBr d i f f u s i o n  i n  a n  3 
oxid iz ing  atmosphere us ing  chemical ly pol i shed  c e l l s ,  These curves 
i n d i c a t e  t h e  importance of determining t h e  proper  d i f f u s i o n  
condi t ions .  Although good d i f f u s i o n s  wi th  a BBr source have been 3 
made, t h e  d i f f u s i o n s  have not  been optimum and f u r t h e r  v a r i a t i o n s  
i n  t h e  system w i l l  b e  necessary.  
2-2 MATERIAL STUDIES 
The experimental  work t o  i n v e s t i g a t e  va r ious  m a t e r i a l  parameters 
has  been designed and i n i t i a l  m a t e r i a l  procurement s t a r t e d .  Included 
i n  t h e  p l a n  a r e  experiments t o  s tudy  t h e  e f f e c t s  of c r y s t a l  growth 
r a t e  on oxygen content  and d i s l o c a t i o n  count.  I n  add i t i on ,  oxygen 
content  measurements w i  11 be  obtained on va r ious  i n g o t s  of c r u c i b l e  
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VOLTAGE (VOLS X 1 ) 
P
Figure 2. Compa.rison of I-V Characteristics of 1 ohm cm P/N Cells. 
grown, f l o a t  zone, and Lopex s i l i c o n  grown by s tandard  techniques  
t o  eva lua t e  t h e  degree of v a r i a t i o n  i n  oxygen content .  
The e f f e c t s  of c e l l  t h i ckness  on l i t h i u m  c e l l  c h a r a c t e r i s t i c s  
w i l l  a l s o  b e  s tudied .  For  example, c e l l s  of va r ious  th i cknesses  
would be  d i f f u s e d  t h e  same l eng th  of t ime i n  o rde r  t o  eva lua t e  
t h e  e f f e c t  of t h i ckness .  Also, an  experiment w i l l  b e  performed 
i n  which t h e  l i t h i u m  d i f f u s i o n  t ime w i l l  b e  va r i ed  i n  o rde r  t o  
c o r r e l a t e  d i f f u s i o n  t ime and l i t h i u m  concentra"c0n t o  c e l l  t h i c k -  
ness .  
CELLS FOR SHIPMElVT 
The f i r s t  shipment of experimental  c e l l s  has  been d e l i v e r e d  t o  
JPL. It cons i s t ed  of s i x t y  c e l l s  f a b r i c a t e d  from 20 ohm cm f l o a t  
zone s i l i c o n .  The c e l l s  were l i t h i u m  d i f f u s e d  e i g h t  hours  a t  
325OC. No r e d i s t r i b u t i o n  o r  s i n t e r i n g  was performed. These 
c e l l s  were t h e  f i r s t  ones d i f fused  longer  t h a n  two hours .  Some 
of t h e  problems, such as severe  p i t t i n g  of t h e  s i l i c o n  su r f ace  
and c e l l  breakage, which were p rev ious ly  encountered and 
e l imina ted  i n  t h e  s h o r t e r  d i f f u s i o n s  reappeared i n  the long 
d i f f u s i o n s .  Th i s  problem was solved by pain"cng a t h i n n e r  l a y e r  
of l i t h i u m  on t h e  c e l l  sur face .  However, t h i s  solu%ion ind ica t ed  
t h a t  ano the r  f a c t o r  might a l s o  be a problem i n  t h e  long d i f f u s i o n s .  
The f o u r  p o i n t  probe V/I va lues  va r i ed  wi th  t h e  t h i c k n e s s  of 
t h e  l i t h i u m  l a y e r .  I n  some cases  t h e  c e l l s  wi th  t h i c k e r  l i t h ium 
l a y e r s  had v / I ' s  t e n  t imes  lower t h a n  c e l l s  with t h i n n e r  l i t h i u m  
l a y e r s .  Th i s  h a s  not  been a  problem wi th  s h o r t e r  d i f f u s i o n s  (two 
hours  o r  l e s s )  and might r e s u l t  i n  s i g n i f i c a n t  v a r i a t i o n s  i n  
c e l l  per f  armance and' rad ia . t ion  r e s i s t a n c e ,  If t h i s  problem i s  
s i g n i f i c a n t  it w i l l  probably be a b l e  t o  b e  e l imina ted  by 
evaporat ing l i t h i u m  onto  t h e  c e l l s  r a t h e r  t h a n  pa in t ing .  This  
technique of l i t h i u m  depos i t i on  w i l l  b e  i n v e s t i g a t e d  because it 
i s  f e l t  t h a t  t h e  th i ckness  of t h e  l i t h i u m  l a y e r  could be  con t ro l l ed  
f a r  more a c c u r a t e l y  wi th  evaporat ion.  The shork c i r c u i t  cu r r en t  
of t h e  e i g h t  hour d-iffused c e l l s  va r i ed  much more than  normal and 
many d i d  not  have good curve f a c t o r s .  Many of t h e  c e l l s  had 
rounded I-V curves.  The reason f o r  t h i s  i s  unknown a t  p re sen t  
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and i n s u f f i c i e n t  time was ava i l ab le  t o  f u l l y  inves t iga te  t h i s  
l o s s  and s t i l l  provide e ight  hour d i f fused c e l l s  f o r  t h e  f i r s t  
shipment of experimental c e l l s .  Before f u r t h e r  shipments of 
s i m i l a r  c e l l s ,  inves t iga t ion  must be done t o  evaluate l i thium 
concentrat ion,  I - V  c h a r a c t e r i s t i c s ,  and e f f e c t s  of r e d i s t r i b u t i o n  
o r  s i n t e r i n g  . 
More than one hundred c e l l s  were s t a r t e d  through l i thium d i f fus ion ;  
however, due t o  pit-induced breakage, va r i a t ions  i n  t h e  d i f fus ions ,  
and shunting e f fec t s ,  only 66 c e l l s  were used f o r  t h e  maximum 
power and shor t  c i r c u i t  cumulative frequency d i s t r i b u t i o n s  
( ~ i ~ u r e s  3 and 4).  The following s t a t i s t i c s  were obtained f o r  
t h e  shor t  c i r c u i t  current .  5% were 2 72,3  mA, t h e  mean was 
66.7 mA, and 95% were 57.7 mA. With respect  t o  t h e  maximum 
power, 5% were r 28.3 mW, t h e  mean was 25.5 mW, and 95% were 2 23.6 mW. 
The average output of these  c e l l s  was approximately 3% lower than  
t h e  average output of 20 ohm cm f l o a t  zone c e l l s  d i f fused 90 minutes 
and r e d i s t r i b u t e d  60 minutes a t  425 '~ .  Cel ls  with t h i s  type  of 
d i f f u s i o n  have been known t o  exh ib i t  very high output. However, 
t h e  range i n  output was r e l a t i v e l y  narrow and f u r t h e r  inves t iga t ion  
a s  we l l  a s  improvements i n  t h e  processing techniques should r e s u l t  





















































































































































































The BBr diffusion process has shown some promise but has not 3 
yet been optimized. 
The efficiencies of the lithium cells diffused eight hours 
were not as high as expected, however, some were quite good and 
should provide an interesting test sample for radiation analysis. 
RECOWNDAT IONS 
Not applicable. 
